Objectives : The optimal management of patients with spontaneous intracerebral hemorrhage (ICH) remains controversial. The aim of this study was to evaluate technical results and clinical outcomes of frameless stereotactic aspiration and fibrinolysis using urokinase performed in a single center.
INTRODUCTION

MATERIALS AND METHODS
Subjects
The diagnosis of spontaneous ICH was made based on the acute onset of neurological symptoms and confirmation by brain computed tomography (CT) scan. Only hemorrhage of putamen or thalamus origin was included.
The baseline level of consciousness was assessed according to the Glasgow coma scale (GCS) and determined at the time of admission during the initial examination. The evaluation of outcomes was made when the patients were discharged from the hospital and during the three-month follow-up. The three-month Glasgow outcome scale (GOS) score was the primary end point. A good outcome was defined as a three-month GOS score > 3. Secondary end points included mortality and modified Rankin scale.
Measurement of hematoma volume
The hematoma volumes were determined by baseline CT scan and 24-hour CT scan performed at bedside in the presence of physicians. Measurement of hematoma volume was attempted without knowledge of each patient's condition. For the bedside length × width × height/2 method, the CT slice with the largest area of hemorrhage was identified. Broderick et al. 2) and Kothari et al. 14) reported excellent agreement between hematoma volumes measured using the bedside technique and computerized planimetric method.
Operative procedures
Following initial resuscitation and radiological in- was placed under the scalp and the scalp was sutured back in place.
Fibrinolytic therapy using urokinase
The hemorrhage site was first flushed with urokinase 3000 units (diluted with 3 cc of preservative free 0.9% saline) and left for longer than 5 minutes with the catheter closed. The catheter was then reopened using an appropriate method. This procedure was repeated 4-6 times per day for 2-8 days until 80% of the clot was evacuated. The degree of evacuation was confirmed by serial non enhanced brain CT. The first control CT was performed 24 hours after urokinase instillation, subsequent CT was performed by two-or three-day intervals according to the patients' condition.
All patients were cared for in the intensive care unit until they became stable enough to be transferred to general wards. Neurological status and vital signs were monitored hourly in the intensive care unit.
Hypertension was controlled from the early stage of therapy and the mean arterial blood pressure was maintained between 100 and 120 mmHg by antihypertensive therapy (intravenous nicardipine hydrochloride).
Ethical statement
The informed consent was obtained from all pa- 
RESULTS
Demographic features
Most patients presented with loss of consciousness 
Clinical outcomes and complications
Perioperative mortality was not reported in this study. Procedure-related complications were reported in seven patients (11.2%) ( Table 2 ). In two cases, catheters were malpositioned and were pulled out a few In this study, seven patients (11.2%) died before discharge. Lethal hematoma and frameless stereotatic aspiration following postoperative edema were the cause of death in two patients. Four patients died from bronchopneumonia or sepsis resulting from respiratory failure, and the remaining patient died from heart attack during admission.
At the three-month follow-up, a good outcome (GOS score > 3) was noted in 51.6% of patients (30 patients GOS 4, two patients GOS 5); 21 patients (33.9%) were severely disabled (GOS 3), and two patients (3.2%) remained vegetative. The mean three-month modified Rankin scale score was 3.3 (range 1-6) ( Table 1) .
DISCUSSION
Spontaneous ICH is a serious neurosurgical condition requiring intensive care. However, management of patients with spontaneous ICH remains challenging and its optimal treatment option remains controversial owing to the lack of well controlled randomized studies. 1-3)7)10)12-13)18)21)27)28)32)35) Despite the lack of convincing data, stereotactic removal of hemorrhage and subsequent fibrinolysis at the acute phase has been broadly accepted as an effective treatment option for basal ganglia ICH and a crucial factor for a favorable prognosis because mass effects, perihematomal glutamate level, blood brain barrier permeability, and perihemorrhage edema can be significantly reduced.
27)29)33)34)
The use of frameless navigation systems in ICH evacuation was judged to be more effective because it reduced the operation time and postsurgical complications, resulting in a reduction in the need for intensive care, a shorter mean hospital stay, and a reduction of medical cost.
4)5)29)30)
A study by Thiex 29) reported that frameless stereotactic ICH aspiration was effective in reducing the volume of ICH with comparable clinical outcome and showed an association with targeting an accurate area resulting in less brain damage. In addition, the potential risks of head frame placement, such as an increase in blood pressure secondary to pain could have been avoided by use of frameless stereotactic procedures.
An increased blood pressure may increase the risk of hematoma enlargement.
In this study, seven of 62 patients (11.3%) did not survive, however, a good outcome (three-month GOS score > 3) was noted in 51.6 % of patients, which was higher than previously reported results between 20.3%
and 55.6% in other studies on frame-based or frameless stereotactic hematoma evacuation for ICH with the figure. In our study, procedure-related complications occurred in seven patients (11.2%), including malpositioning of catheters (two patients), pneumocephalus (one patient), and rebleeding (four patients, 6.5%). Of a total of four cases of rebleeding, three cases were reported during the first three postoperative days and the other case was reported afterwards.
In published data, the prevalence of procedure-related complications, including rebleeding rates, post to frame-based or frameless stereotactic hematoma evacuation for ICH was reported to be between 10% and 39.6%. 29) early rebleeding within the first three postoperative days occurred in 11.3% of patients who underwent post to frame-based streotatic surgery and in 9.3% of patients who underwent post to frameless stereotactic surgery. Compared with these study results, the prevalence of procedure-related complications, including the rebleeding rate, was lower in our study. However, due to differences in patient selection criteria and outcome evaluation periods, it was difficult to compare the results of this study with those of existing studies. There are three limitations that need to be addressed regarding the current study.
The first limitation is that this study was conducted as a retrospective study with a small sample size and failed to provide a control group, such as patients treated with conservative management or frame-based stereotactic aspiration and subsequent fibrinolysis therapy. The second limitation is that this study failed to reflect other clinical variables that might affect the degree of edema during treatment. The third limitation is that only patients with a small volume of ICH and relatively good GCS score were included in this study, which may not be an accurate reflection of ICH.
CONCLUSIONS
This study showed that frameless stereotactic aspiration of spontaneous ICH and subsequent fibrinolytic therapy is a simple, effective, and safe procedure with a lower rebleeding rate and mortality. To establish reliable data on the clinical efficacy of frameless stereotactic aspiration of spontaneous ICH and subsequent fibrinolytic therapy, larger randomized trials, including long-term follow ups, specific inclusion criteria, appropriate medical management, and the optimal time for fibrinolysis therapy will be required in the future.
